Moulds probably contaminate and spoil more foods than any other groups of microorganisms. They render contaminated food not only unpalatable, but also unsafe for consumption by producing toxins. In Kenya, several incidences of acute food poisoning due to mycotoxins have occurred, and especially through the staple food, maize. Chronic exposure to mycotoxins has been linked to liver cancer, hepatitis infections, impaired immunity and stunted growth in children. Several factors may enhance the occurrence of mycotoxin in the human diet in Kenya. These include eating habits, existing marketing problems which encourage long storage periods; the pre and post harvest practices that encourage build up of moisture and thus encourage mould growth; lack of preparedness in handling the large quantities of maize produced due to the success of hybrid maize technology, ignorance and poverty. This is aggravated by the fact that there are no strict regulations that impose limits on the concentration of mycotoxins in maize that is marketed in the country as well as lack of relevant technology required in monitoring fungi and mycotoxins in the grains. Mechanisms put in place to deal with such situations can be successful, only if the several factors that contribute towards this situation are well understood. The paper discusses these factors and gives some recommendations for action and further research. The recommendations include coming up with agronomic practices that discourage mould growth; improved pre and post harvest practices; nutritional education and induction of behavioural change as regards food habits; efficient and functioning systems of marketing and pricing of domestically consumed maize, especially within the East African Community; research to identify factors leading to S-strain dominance in semi-arid regions of Kenya; identification of non toxic strains that are highly effective against the S-strain; research on how malnutrition aggravates aflatoxicosis and use of additives and other methods for rendering poor quality grain safe for consumption.
INTRODUCTION
Maize is the most widely grown cereal in Kenya. It accounts for more than 75% of the total cereal area and more than 60% of the total cereals marketed. It is the staple food in the country and is mainly grown by smallholder farmers who together with their families account for 70% of the Kenyan population. Maize accounts for over half of the smallholder's land devoted to food crops and nearly all small holders grow some variety of maize to eat and market [1] .
Mould growth on maize is very common, especially in warm humid climates, because it is a good substrate for mould growth, and especially those that produce aflatoxin, due to its low nitrogen content. The high carbohydrate content provides the two carbon precursors for mycotoxin synthesis [2] . Currently, over 200 mycotoxins are known [3] , but only those occurring naturally in foods are of significance in terms of food safety. These are produced mainly by species of Aspergillus, Penicillium and Fusarium [4, 5] . These species have been found during growth, harvest and storage. They occur worldwide in air and soil and cause contamination in cereals, legumes, cotton seeds and tree nuts before harvest and after harvest, during handling in storage and in processing [6] .
Well documented human mycotoxicoses include ergotism [7] , alimentary toxic aleukia [8] , Balkan endemic nephropathy and acute aflatoxicoses [9] . Several cases of acute aflatoxicoses have been reported in Kenya in the past. In March to June, 1981, several people were hospitalized in the Eastern province of Kenya. More than 50% of those admitted died. In 1982, there was another episode, with a 60% mortality [10] .
There were similar outbreaks of acute aflatoxicosis in the same province in 2001, 2004, 2005 and 2006 where many people and especially children died [11, 12, 13] . The 2004 outbreak of acute aflatoxicosis in Kenya was one of the most severe episodes in history of human aflatoxin poisoning recorded. A total of 317 cases were reported by 20 July 2004, with a case fatality rate of 39% [14, 15] .
Epidemiological studies indicate that chronic consumption of foods contaminated with aflatoxins may play a major role in the high incidences of liver cancer prevalent in south East Asia, China and several parts of sub-Saharan Africa [8, 16, 17] . A study conducted in various parts of Kenya [10] established a positive relationship between exposure to aflatoxin and prevalence of hepatitis infections. The highest level of aflatoxin exposure was in Western Highlands of Kenya and Central province. The staple diets of communities living in these regions have maize as a dominant component. The study gave additional support to the hypothesis that aflatoxin is a human liver carcinogen [18] . In addition to secondary deficiency of nutrients, high exposure to aflatoxins has been implicated as another cause of impaired growth leading to stunting of children across sub-Saharan Africa [19] . In farm and laboratory animals, chronic exposure to aflatoxins has been proven to compromise immunity and interfere with protein metabolism and multiple micronutrients that are critical to health. These effects have not been widely studied in humans, but the available information indicates that at least some of the effects observed in animals also occur in humans [20] . In humans therefore, the aflatoxin exposure and the toxic effects of aflatoxins on immunity and nutrition may combine to negatively affect health factors (including HIV infection) that account for more than 40% of the burden of disease in developing countries where a short lifespan is prevalent [17] .
FACTORS DETERMINING MAIZE CONTAMINATION IN KENYA

Feeding habits
Most Kenyans are exposed to low and medium level doses of a wide spectrum of fungal poisoning through regular consumption of maize products. On average, Kenyans eat maize products at the rate of 0.4 kg/person/day; hence even the lowest amount of exposure is cumulatively likely to be of severe health risk [21] . The low levels of exposure are asymptomatic and it is only when crisis levels that kill are reached that action is taken. In addition to eating "ugali" (paste made from maize flour) of sub-standard maize flour available in the market, many people are exposed through drinking of "busaa", a local brew which is prepared from fermented maize and millet flour. Besides, maize is a major component in livestock and poultry feeds.
Samples obtained from ordinary grocery stores, kiosks, supermarkets and open air markets in Nairobi, Kenya were found to be contaminated with moulds that produce aflatoxins, fumonisms and ochratoxins among other mycotoxins. About 70% were contaminated with aflatoxins, and 5% with similar fungal poisonous substances [21] . In 2004, about 2000 bags of maize meant for the school feeding programme in Mbeere district of Eastern province of Kenya was impounded when it was found to be contaminated by high levels of aflatoxin. The maize was part of a 3,389-bag consignment donated by the World Food Programme for the school feeding programme [16] .
Marketing
The marketing and pricing of maize in Kenya was tightly controlled by the government through the National Cereal and Produce Board (NCPB) until 1986 when liberalization took place. With the liberalization of the maize marketing, the NCPB's basic roles would be to manage strategic national maize reserves and be the buyer and seller of last resort [22] .
Studies undertaken by Nyangito and Ndirangu [23] indicate that only 36% of this maize is sold through NCPB. NCPB mainly deals with the large scale farmers. Consequently, many farmers dispose the product at lower prices in private markets whose conditions for accepting maize are less stringent. Liberalization, therefore, has led to differentiation in maize quality whereby NCPB buys high quality maize while the private market absorbs most of the "low quality" maize. This has a higher percentage of damaged grains, and the moisture content is high. Damaged grain provides an opportunity for a fungus to circumvent the natural protection of the integuments and establish infection sites in the vulnerable interior [4] . Studies done in Burundi by Munimbazi and Bullerman [24] showed that mould growth in maize is favoured by high moisture content. In their study, the maize affected exhibited high levels of Fusarium moniliforme, F. semitectum, F. proliferatum and F. subglutinas. There were high levels of the genus Aspergillus which gives rise to aflatoxins.
Long storage periods
During conditions of bumper harvests, farmers are faced with a situation where they can not profitably dispose of their maize. In addition, maize entering the market from the neighboring countries of Uganda and Tanzania retails at lower prices due to lower production costs. This means that in most cases, farmers are ready to harvest their next crop before they can dispose of their old one. Whenever such situations occur, maize has to be stored for long periods of time, before being disposed of, or before being utilized.
Experiments carried out by Eriksson [25] with the different types of storage structures used in Kenya, established that the main constraint in most traditional storage structures is that they do not allow for optimal free ventilation and thus a long preharvest drying is required before maize can be stored safely . Moulds were present in maize stored in all types and sizes of structures and it was difficult to establish if mould infection had occurred during storage or in the field. A project based on onfarm grain storage in Maseno, Western Kenya established that maize storage at different temperatures and moisture content is the primary factor affecting mould and fungi growth [26] . In the same project, it was also observed that prolonged storage, regardless of the storage structure encouraged mould growth. Insect and mould infestation might not be noticeable at harvest, but the build-up of the infection will accelerate later during long storage periods. In addition, the transport chain from village to markets through various middlemen, sometimes under adverse weather conditions may not always be satisfactory, thus there is considerable opportunity for mould and mycotoxin contamination [27] .
Lack of preparedness in handling success in hybrid maize technology
The development of hybrid maize technology resulted in increased maize yields. However, the success of hybrid maize did confront the government with policy questions concerning marketing and storage. At certain seasons, there are such bumper harvests, that the NCPB lacks the capacity to store all the maize. Farmers, most of who do not have adequate storage facilities for storing the maize, are turned away with their maize. If there was adequate storage capacity, even the strategic maize reserves could be enhanced. Little support has been given to establishing secondary industries based on maize [1] .
Pre and Post harvest practices
Traditionally, most farmers leave their maize after it has matured at a moisture content of approximately 30% in the field for natural drying until the moisture content is reduced to 18% by the time the maize is harvested [28] . During this long preharvest drying period in the field, the maize is exposed to negative effects of wind and rain, and the attacks of insects, birds and moulds. Eriksson [25] established that the most critical interval of drying maize in Kenya is from when it starts drying up, down to approximately 20% moisture content. During this interval, moulds occur more easily. Cutting and piling up of maize against a tree or fence in the fields is one of the methods used for post harvest drying of the crop in Kenya. The maize is exposed to all elements weather, including rain, which is increasingly becoming more erratic. This leads to prolonged drying periods, thus increasing the chances of infestation. The other method involves storing the maize cobs in traditional baskets and round cribs. The calculated time of drying maize on cobs from 25% to 19% moisture content in the traditional baskets and round cribs in Western Kenya was found to be 65 days and 58 days respectively. Although the safe allowable time for Kenya cob maize to be dried under prevailing environmental conditions is not known, the conclusion was that the period was too long and should raise concern [26] .
Lack of regulations and control measures
Mycotoxin control measures have been implemented for agricultural commodities entering international trade or located in countries with centralized or large scale buying and distribution systems. However, in developing countries, where 70% of the food consumed is that which is grown locally, regulatory measures are difficult to implement. Because of the stringent mycotoxin control measures being maintained by countries importing food grains and because of the need of exporting countries to earn foreign exchange, the best of the commodities are often sold abroad while the substandard or contaminated commodities are retained for domestic use [27] . In Kenya, mycotoxin regulation is governed by Foods, Drugs and Chemical Substances Regulations (Kenya Gazette, 01.07.1978) and it is under the Ministry of Health. Official methods of Analysis are used [29] . These regulations are not enforced as required since enforcement is seen to occur sporadically during acute cases of poisoning.
Enforcement of regulations requires reliable analytical methods of control, which may not be readily available in developing countries [30] . Samples have to be transported to urban areas for analysis, yet most maize production and marketing occurs in the rural areas of Kenya. In the 2004 outbreak, samples had to be transported to the National Public Health Laboratory Services in the capital city, Nairobi [31] . Characterization of causal agents is an important initial step for development of mycotoxin management procedures, yet such technology is not widely available in Kenya. Sub-samples in the 2004 outbreak had to be taken to the United States from the National Public Health Laboratory Services for fungal analyses [32] .
Poverty and ignorance
The poor are dominant among subsistence farmers, pastoralists in the drier parts of Kenya, casual and unskilled labourers, households headed by females and unskilled persons, the handicapped, orphans and street children. It is also evident from existing analyses that poverty is prevalent in rural Kenya [33] . In most cases, the poor are keen to put food on the table with little regard for its quality. Foods of poor quality retail for lower prices and this is what most of the poor can afford. In some cases, they are willing to consume food that has already been condemned as unfit for human consumption, if only to survive.
Many people are not knowledgeable on the potential dangers posed by some of the contaminants that are found in food, right from the food producers to the consumers. The producers are not aware of the repercussions of their pre and post harvest practices, nor are the consumers aware of their rights as consumers to have food that is wholesome and free from contaminants. Food contaminated by mycotoxins may not show visible signs of infection, even to an experienced farmer. Due to adherence to cultural beliefs in many communities, symptoms of acute food poisoning may be taken for witchcraft and other form of illnesses, as was witnessed in the acute aflatoxicosis incidences in May, 2004 in Eastern Kenya. In most instances, people visit the hospital as a last resort after they have tried various alternatives, mostly traditional. The death casualty was higher in children who had been given herbal treatment prior to being hospitalized [34] . People failed to recognize the symptoms as food poisoning, thus consumption of the poisonous maize continued even long after an alert had been sounded, regarding the suspect maize in the market.
The way forward: recommendations
From the hazard point of view, it might be desirable to limit the toxin of concern to the lowest possible level. However, zero tolerance may be impractical because mycotoxins are natural toxicants that often cannot be completely excluded from the food chain [30, 35] . It is necessary to adopt a multidisciplinary approach and consider the various factors in trying to deal with the problem. The following are some recommendations for action and further research:
1. Research findings have revealed that drought stress, a common feature in most of sub-Saharan Africa (and a feature that commonly occurs in most maize growing areas in Kenya) favours Aspergillus flavus growth, in which it has a competitive advantage over other grain infesting fungi [23, 36] . There is need to come up with favourable agronomic practices under the prevailing conditions that discourage mould growth.
2. Fungal analyses carried out after the 2004 aflatoxicosis in Kenya indicate that the outbreak was caused by the S-strain of A. flavus [32] . The S-strain, which was not previously found in Africa [16, 37] , was repeatedly isolated from all 104 maize samples from affected districts. The S-strain is more toxic because it produces more aflatoxin that the other strains. There should be further research to identify factors leading to S-strain dominance in semiarid regions of Kenya. This may result in management procedures effective in both Kenya and other regions where the S-strain is an important etiologic agent of aflatoxin contamination.
3.
Currently, non-toxic A. flavus L-strain isolates are used to competitively exclude aflatoxin producers during crop infection and thereby limit contamination in U.S. agriculture [38, 39] . These highly competitive atoxigenic strains of Aspergillus are applied to soil after which they spread to maize, excluding the toxic strains [40] . Scientists at the International Institute of Tropical Agriculture (IITA) have assembled a set of eight non-toxin producing strains of Aspergillus flavus in Nigeria, capable of radically reducing aflatoxin in maize by 99% [41] . Deployment of similar technologies in Kenya could provide a promising strategy for prevention of future aflatoxicoses in East Africa while enhancing export possibilities for maize [42] . This should be accompanied by training of experts in this field, who can then embark on further research to domesticate the technology.
The prognosis for aflatoxicosis for children with Kwashiorkor in various parts
of West Africa was shown to be worse [19] . The incidences of acute aflatoxicosis in Kenya have always occurred in regions of food stress, where cases of malnutrition are likely to be higher. Incidentally, the mortality rates have been higher in children. Could malnutrition be aggravating acute aflatoxicosis? There is need for further research in this area.
5. Definitely, there is need for improved pre and post harvest practices in decreasing the likelihood of mould infection. There is need to use farmer participatory methods, so as to assess the costs to the farmer of adopting improved management practices. This will enhance adoptability and will be more sustainable.
6. Most maize growers in Kenya being smallholders, and falling below the poverty line, it would be difficult to convince them to discard contaminated maize. Contaminated grain can be sold to ethanol producing plants, since aflatoxins do not appear in distilled alcohol [43] . The spent grain however can not be used as animal feed, so to compensate for this, it can be purchased at a slightly lower price. Some of the developed-country approaches to the management of aflatoxins can be adopted. These include using food additives to make the grain safe for farm animals [17] . These include detoxifying the grain with anhydrous ammonia by well trained personnel. The ammonia reacts with aflatoxin molecule to destroy its toxicity. Proper treatment can reduce aflatoxin concentrations by 95% or more. Livestock however may be reluctant to eat if a strong ammonia smell is present [44] . This can bring about alternative markets for the poorest quality grains so as to help remove it from the human food sector.
7. There is need for change in feeding habits so that people do not rely heavily on maize as their only staple diet (such that they need to have it in their meals regardless of its quality). There is need for nutritional education and rigorous campaigns to enlighten the people about the health hazards of aflatoxin and alternatives to maize, such as sorghum, millet and other sources of carbohydrates in the diet. In combating malnutrition (which has been shown to enhance aflatoxicosis), families can be enabled to improve their diets even without additional income. This can be done through education and campaigns through already existing networks such as Agriculture and Home Economics extension agents already working in the field. According to World Bank [44] , this is often the most cost effective way of improving nutritional status, since in many cases, lack of nutritional knowledge is a major cause of malnutrition.
8. There is a need to ensure compliance of regulations regarding mycotoxins. With liberalization of the maize market, and the re-emergence of the East Africa Community, there is need for collaboration between the three East African countries in enforcing standards for food/feed within countries and between borders. There should be more cooperation between the member countries in dealing with regulations. More resources need to be allocated in order to finance compliance, which should be proactive, rather than reactive, as has been the case. It should be noted that no method of analysis exists for detecting zero tolerances; therefore, tolerance levels should be based on a risk assessment approach rather than on analytical limitations, that is, levels below which no detection is possible by analytical means [31] .
9. Efficient and functioning systems of marketing and pricing of domestically consumed maize should be developed and sustained. Industries that use maize as their raw material should be established, especially in areas that produce maize in great quantities, in order to avoid prolonged maize storage, and transportation under unfavourable conditions. The National Cereals and Produce Board offers drying services for grain, but it is too expensive for farmers, given the high production costs and low sale prices for the crop. There should be a move towards better pricing of the crop or reducing the costs of inputs, so that farmers can afford such services. This should be coupled with increased storage facilities at the NCPB stores. These will not only decrease incidences of aflatoxicosis and food spoilage, but will also enhance food security in Kenya.
